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information strategically (Hund & Foster, 2008; Hund & Plumert, 2005) . This broad understanding of the development of location memory during middle childhood sets the stage for examining differences in normative and non-normative trajectories, focusing particularly on boys with and without ADHD.
In spite of considerable anecdotal evidence suggesting that individuals with ADHD experience difficulty when attempting to locate important objects, no known study has examined how children with ADHD function in their memory for object locations. As such, the first purpose of this investigation was to determine whether boys with ADHD, relative to non-ADHD age-mates, evince a deficit in object-location memory. In particular, we probed errors during learning and memory trials following mastery (focusing on both precise coding for individual locations and strategic coding of groups of locations) to specify the nature of memory processes.
Because this investigation focused on those with a deficit in executive functioning, boys with ADHD-Combined type were selected to serve as participants, whereas children with the PI subtype of ADHD were excluded. Using a method to assess memory of locations that has proven successful with school-age through adult populations (see Plumert & Hund, 2001) , it was hypothesized that boys with ADHD would make significantly more errors and require significantly more learning trials to reach mastery prior to the implementation of the memory task, and would evince significant delay relative to contrast boys in their object location memory after reaching the mastery criterion. In other words, it was expected that boys with ADHD would show a performance deficit while learning the memory task, as well as a skill deficit in their object location memory following their successfully completed trials of learning.
Private Speech as a Mnemonic Strategy
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When one is confronted with challenging memory tasks, mnemonic strategies tend to be invoked. According to Vygotskian theory (1934 Vygotskian theory ( /1987 , talking-to-self (i.e., private speech) is one such mnemonic tactic. Private speech occurs when children talk to themselves to guide their thinking and direct their ongoing activity. Private speech follows a predictable developmental trajectory that begins with social dialogue and activity directed by others and ends with these same activities directed by oneself through internalized means. During this internalization process, private speech shifts from task-irrelevant self-stimulating forms (e.g., word play and expression of affect) to audible task-relevant speech that guides behavior, to more internalized forms (e.g., inaudible mutterings). In this way, children gain internalized control of their behavior. The incidence of private speech increases in demanding task situations, as children attempt to control their attention and problem-solving behavior Private speech has received limited research attention among children with ADHD (e.g., Berk & Landau, 1993; Berk & Potts, 1991; Landau, Berk, & Mangione, 1996) . Relative to agemates, those with ADHD tend to engage in more frequent, albeit less mature forms of private speech, and rely on it more heavily as task demands increase. When solving math problems or completing puzzles, for example, this private speech tends to facilitate attention to task and reduce motor activity. As such, it improves performance. However, no investigation has yet examined ADHD children's use of private speech for mnemonic purposes. Thus, the second purpose of this investigation was to assess participants' use of private speech during a location memory task. It was anticipated that children's use of private speech would facilitate learning and memory performance. However, consistent with previous research, we predicted that boys with ADHD would engage more frequent but less mature forms of private speech compared to non-ADHD boys.
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Participants
Thirty-eight 7-to 12-year-old boys served as participants. Boys alone were selected for study because ADHD is a male-dominated disorder, and because cognitive difficulties among children with ADHD may differ for boys vs. girls (Hinshaw, Owens, Sami, & Fargeon, 2006) .
Seventeen boys met categorical and dimensional research diagnostic criteria for ADHD (age mean = 10 years 2 months; SD = 1 year 8 months), and 21 boys, determined to be free of ADHD-related problems, served as non-ADHD comparison participants (age mean = 10 years 9 months; SD = 1 year 7 months). Given that psychostimulant medications attenuate symptoms of ADHD (Fabiano et al., 2007) , parents of boys receiving medication for ADHD (n = 17) refrained from administering this treatment on the day of their son's research participation.
Participants were recruited from a child research participant database maintained by a midwestern university and from area elementary schools. To be selected for the ADHD group, a parent confirmed that his or her son had been diagnosed with the disorder and provided ratings on Hyperactivity-Impulsivity and/or Total scales of the ADHD Rating Scale-IV-Home Version (DuPaul, Power, Anastopoulos, & Reid, 1998 ) that exceed the 85 th percentile (see Table 1 ). 1 This cut-off score has demonstrable clinical utility in the efficient discrimination of clinical vs. nonclinical children due to its high positive predictive power (PPP) and high negative predictive power (NPP) (Power, Costigan, Leff, Eiraldi, & Landau, 2001) . Boys whose ratings exceeded the 85 th percentile on the Inattention scale only were excluded based on the theoretical premise that behavioral disinhibition, not inattention, is the primary impairment among children with ADHD (Barkley, 1997) .
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Boys who served as non-ADHD participants were rated by a parent on all three scales of the ADHD Rating Scale-IV (DuPaul et al., 1998) below the 60 th percentile (see Table 1 The box contained 20 locations marked by 3/4 in. yellow dots. The locations were arranged so there were five locations in each quadrant (see Figure 1 ). Twenty miniature objects were used to help participants learn the locations: a pot, a bear, a birdhouse, an iron, a paint can, a shoe, a picture, a bunch of bananas, a book, a purse, a watering can, a present, a hat, a pail, a toy plastic person, a bag of chips, a train, a flowering plant, a piggy bank, and a beverage carton.
Apparatus and Materials
The average length and width of the objects was .76 in. and .60 in., respectively.
A Canon Optura60 digital camcorder, a Panasonic DMR-T6070 DVD recorder, and
ProVideo VM-1005C monitor were used to record sessions. Private speech during the sessions was later coded using a PowerMac G4 computer and a Planar PL2010 21-in. monitor.
Design and Procedure
Participants were tested individually in a university laboratory room. The square box was placed on the floor of the experimental room. The experimenter stood in front of the box, and participants were seated to the right of the experimenter facing an adjacent side of the box.
Each 30-to 50-minute session was divided into a learning phase and a test phase. During the learning phase, participants learned the locations of the 20 objects in the box. At the beginning of the session, the experimenter told participants that 20 objects would be placed in the box (on the dots) and that they should try to remember their locations because they would be asked to replace the objects later. Participants watched as the experimenter named the objects
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and placed them in the box one at a time. The pairing of objects and locations and order of object placements were randomized for each participant.
Immediately after the experimenter placed all 20 objects, participants turned around while the experimenter removed the objects from the box. Then, the experimenter gave the objects to participants one at a time (in a new random order) and asked them to place objects in the correct locations. Participants were allowed to move around the outside of the box during these learning trials. The experimenter immediately corrected any placement errors. The objects were removed after the last one had been placed. Learning trials continued until participants could correctly place all 20 objects on the dots in a single trial.
The test phase began immediately following the learning phase. First, the experimenter asked participants to turn away from the box while the objects were removed. The experimenter also removed the boundaries, removed the floor with the yellow dots, and inserted the plain blue floor. Participants then were asked to face the box and try to replace the objects in the correct locations without the aid of boundaries and yellow dots. Participants replaced the objects in any order they chose. After participants left, the experimenter used the grid floor to record the position of each object (i.e., x-and y-coordinates) to the nearest 1/2 in.
Coding and Measures
Learning error composite. Learning errors included the number of same-quadrant errors during the first learning trial, the number of different-quadrant errors during the first learning trial, the number of same-quadrant errors during the last non-errorless learning trial, the number of between-quadrant errors during the last non-errorless learning trial, total object perseveration errors during learning (placing the same object in different incorrect locations at least twice in a row), total location perseveration errors during learning (placing different objects in the same Memory for Object Locations 13 incorrect location at least twice in a row), total object + location perseveration errors during learning (placing the same object in the same incorrect location at least twice in a row), and the number of learning trials needed to reach errorless performance. For the sake of data reduction, these eight scores were subjected to Z-score transformations and combined to form a learning error composite that evinced adequate internal consistency (alpha = .71). By focusing on errors during learning, this composite score assessed one of the core aspects of location memory derived from empirical and theoretical work.
Memory error composite. Memory errors included metric error of placements (distance between each remembered location and the corresponding actual location), center displacement (degree to which all objects were displaced toward the region centers), displacement of target locations (degree to which eight target locations were displaced toward the region centers), and spatiotemporal clustering of placement orders (degree to which participants placed the objects quadrant by quadrant during the test phases, Roenker, Thompson, & Brown, 1971 ). These scores have been used extensively in previous developmental research, demonstrating their utility for assessing cognitive processing (e.g., Hund & Foster, 2008; Plumert & Hund, 2001) . Focusing on errors during the test phase assessed two core aspects of location memory derived from previous empirical and theoretical work (e.g., the precision of individual location coding and the strategic coding of groups of locations). These four memory error scores were subjected to Z-score transformations and consolidated into a memory error composite with adequate internal consistency (alpha = .70).
Remembered placements were considered "correct" if each object was in the correct position relative to the other objects. As in previous studies (e.g., Hund & Plumert, 2003; Hund, Plumert, & Benney, 2002; Plumert & Hund, 2001) , we used the x-and y-coordinates for these Inter-coder reliability estimates of object placement were calculated for eight randomly selected participants (21% of the sample) using exact percentage agreement (i.e., the percentage of judgments on which two raters exactly agreed). For each of these participants, two coders judged which object was placed at each of the 20 locations. Coders agreed on 99% of the 160 locations that were coded.
DVD recordings of the location learning and memory task were used to code private speech in a method similar to that used in previous research (i.e., Berk, 1986; Berk & Landau, 1993; Landau et al., 1996) . Private speech was defined as verbalizations that were not clearly and unquestionably addressed to another person (see Berk, 1986) . Private speech throughout learning and testing phases was coded during alternating 10s intervals according to three levels developed by Berk (1986) . Level 1: Self-stimulating, task-irrelevant private speech included word play and repetition; task-irrelevant affect expression; and comments to absent, imaginary, or nonhuman others. Level 2: Task-relevant externalized private speech included describing one's own activity and self-guiding comments; task-relevant, self-answered questions; and task-relevant affect expression (e.g., "I did it!" "This is hard!"). DVD recordings of the location learning task were also coded for boys' attention-to-task.
In particular, direction of gaze was used to determine the extent to which boys attended to the apparatus while the experimenter was placing the objects for the first time. StopWatch v3.01 was used to record visual attention to task to the nearest one-hundredth of a second. Total time also was coded to facilitate calculation of the percentage of time boys attended to task. Inter-coder reliability estimates for attention-to-task were calculated for five randomly selected participants (13% of the sample), and found to be high (r = .99). As expected, boys' observed attention to task was inversely related with parent symptom ratings of Inattention, r (37) = -.38, p < .05, and Hyperactivity, r (37) = -.35, p < .05, on the ADHD Rating Scale-IV (DuPaul et al., 1998) .
Results
One goal of this investigation was to examine how spatial working memory differs for boys with and without ADHD. Analyses of learning and memory composite scores revealed no differences between the two groups. In other words, if given a sufficient number of trials to learn the memory task, boys with and without ADHD were comparable in object location memory.
However, boys with ADHD exhibited twice as many errors while learning locations of objects 12. These findings support the notion that object location learning, private speech, and attention profiles differ for boys with and without ADHD. Specifically, boys with ADHD exhibited significantly less attention to task, more errors during learning, and more private speech than boys without ADHD.
To clarify the relations among attention to task, private speech, and learning and memory performance for boys with and without ADHD, correlational analyses were conducted within each group. For non-ADHD boys, attention to task was significantly associated with taskrelevant private speech, r (20) = .45, p < .05, and marginally correlated with inaudible (taskrelevant) private speech, r (20) = .41, p < .07 (see Table 2 ). These findings indicate that, among boys without ADHD, task-relevant private speech enhanced attention.
For boys with ADHD, in contrast, both audible, r (16) = -.65, p < .01, and inaudible taskrelevant private speech, r (16) = -.55, p < .05, were inversely related to attentional performance (see Table 3 ). Thus, for these boys, the use of task-relevant private speech did not function as a mnemonic strategy because it may have compromised their attention to the task. Moreover, irrelevant mutterings among these boys led to more memory errors, r (16) = .71, p < .005. In sum, the task-relevant private speech used by non-ADHD boys facilitated attention to the memory task, whereas the private speech emitted by boys with ADHD interfered with their Memory for Object Locations 17 attention, and led to greater error making if these audible comments were irrelevant to the memory task.
Discussion
One purpose of this investigation was to determine whether unmedicated boys with ADHD, relative to non-ADHD age-mates, evince a deficit in object-location learning and memory. Although no differences were detected in learning or memory composite scores, boys with ADHD exhibited significantly more same-quadrant errors during the first learning trial than boys without ADHD. Thus, contrary to reports indicating that children with ADHD have a deficit in working memory (see Rapport et al., 2001) , the current pattern of findings indicates this may not be the case when using a well-established method to assess object-location memory.
Indeed, when given sufficient opportunity to learn the memory task, the visuospatial memory of unmedicated boys with ADHD fell within normal limits. This finding was unexpected, but is consistent with Barkley's (1997) assertion that the functional difficulties experienced by children with ADHD may result from performance-, rather than skill-, deficits.
Even though boys with ADHD made more errors than non-ADHD boys when attempting to place objects in their respective locations the first time, this difference attenuated across trials.
This suggests that visuospatial processing (i.e., coding and rehearsal of spatial information via the visuospatial sketchpad) differs for boys with and without ADHD. In particular, it suggests that preliminary processing, such as early attempts to rehearse spatial details, may be more laborious for boys with ADHD relative to non-ADHD age-mates. Nonetheless, current findings indicate that subsequent processing may not differ for boys with and without ADHD. Previous research and theory suggests that visuospatial rehearsal involves processes akin to spatial attention (e.g., revisiting locations in sequence, much like subvocal verbal rehearsal involves
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repeating verbal details in sequence (Awh, Jonides, & Reuter-Lorenz, 1998) . Moreover, inhibition plays a large role in the engagement of attentional focus in the presence of distractors (Tipper, 1992) . Thus, it is possible that the spatial rehearsal difficulties among boys with ADHD stem from deficits in inhibition that hinder the functioning and efficiency of spatial attention (see also Wilding, 2003; Wilding, Munir, & Cornish, 2001) . It is also possible that these difficulties result from differences in central executive functioning among boys with and without ADHD, particularly the integration of information from multiple sources over space and time (see also Karatekin, 2004; Martinussen & Tannock, 2006; Roodenrys, Koloski, & Grainger, 2001 ).
The present findings are consistent with results from previous investigations that have examined patterns of normative development in which younger children make more errors during learning and require more learning trials to reach mastery than older children and adults (Plumert & Hund, 2001; Recker et al., 2007) . Because the precision of location coding and strategic coding of spatial information following mastery did not differ for boys with and without ADHD, an ADHD-related performance deficit in spatial working memory may be most evident during preliminary learning, and may ameliorate once mastery has been reached. As such, our findings indicate that researchers and practitioners should focus on learning profiles (e.g., number and types of errors, emergence of strategies) to further understand the nature of learning and memory processes among children with ADHD. We join a large contingent of researchers who assert that such focus on the dynamics of learning and memory processes is critical (e.g., Recker et al., 2007; Siegler, 2000; Thelen & Smith, 1994) . Clearly, additional research is needed to further understand how children, including those with ADHD, learn and remember object locations.
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The second purpose of this investigation was to assess participants' use of private speech during the object location memory task. As expected, boys with ADHD exhibited significantly more task-irrelevant private speech than boys without ADHD, and their use of irrelevant speech was associated with less attention to the memory task. This preponderance of task-irrelevant private speech among boys with ADHD corresponds with findings from studies in other domains of functioning, such as math problem solving (Landau et al., 1996) , indicating that boys with ADHD exhibit less mature forms of private speech in a variety of task contexts. In the Landau et al. study, boys with ADHD also exhibited significantly more audible and inaudible task-relevant private speech than boys without ADHD. However, contrary to Vygotskian (1934 Vygotskian ( /1987 predictions, current findings did not indicate that overall use of task-relevant private speech facilitated attention or improved memory performance. Thus, it did not function as a mnemonic strategy for these boys with ADHD.
It is possible that the between-group difference in task-relevant private speech emerged because, in the current study, the experimenter and participant interacted freely throughout the task. In previous private speech investigations that focused on impulsive children or children with ADHD, data were collected in solitary contexts (e.g., solving math worksheet problems or solving puzzles) with the experimenter out of the room. In the current study, boys with ADHD had greater opportunity to converse with the experimenter, and may have simply been more talkative during data collection. In fact, boys with ADHD emitted higher rates of all levels of private speech, and their use of audible and inaudible task-relevant private speech were significantly related, r (16) = .53, p < .05. However, this was not the case among non-ADHD boys, r (20) = .17, p > .05.
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Moreover, it is possible that the learning and memory task used in the current investigation was considerably more challenging than tasks used in previous studies, leading to increased verbalizations throughout the task. In the Landau et al. (1996) study, for example, great care was used to ensure that each participant was confronted with math problems at an "instructional" level for that child (i.e., those that could be accomplished with 70% accuracy).
However, it is apparent that boys with ADHD in the current study initially experienced greater challenge than non-ADHD boys as evidenced by their higher rate of error making during learning. According to Vygotskian theory (1934 Vygotskian theory ( /1987 , this between-group difference in task difficulty may have led to the increased incidence of private speech.
One limitation of the present work is the relatively small sample size included in our between-groups design. Practical limitations precluded the inclusion of a larger sample of boys with ADHD. Nonetheless, our sample size is similar to those used in previous published reports One possible solution is to combine multiple paradigms to provide a more complete assessment of working memory. For instance, the present investigation included both a common psychometric measure of working memory (i.e., Digit Span), and a normative empirical paradigm (i.e., the object location task). Because boys' Digit Span performance was not Memory for Object Locations 22 correlated with learning or memory composite scores, rs (37) < .21, ps > .22, however, our findings show that these tasks do not tap identical aspects of working memory. Adding to this empirical complexity is the large number of theories currently proposed to explain working memory in general, and spatial working memory in particular (e.g., Baddeley & Hitch, 1974; Cowan, 1988; Huttenlocher et al., 1991; Miyake & Shah, 1999; Schutte, Spencer, & Schöner, 2003) . In many cases, empirical paradigms become associated with particular theories or models, leading to little true integration in the field. Thus, we recognize the growing need to concurrently use multiple empirical methods to both analyze and synthesize diverse theoretical assertions regarding working memory.
Our findings have important practical implications for teachers and practitioners working with children with ADHD. First, results from this investigation indicate that boys with ADHD may be able to perform just as well as non-ADHD age mates on tasks of working memory when given sufficient time to practice. However, many teachers expect all children in their classes to perform at the same functional level with similar opportunities to practice. Consistent with anecdotal reports, our research indicates that boys with ADHD may experience particular difficulty during early learning that necessitates more time to "catch on" to tasks. This may be especially true with mathematics tasks because these tasks generally require working memory skills to be successful (i.e., holding digits in mind while performing a next-step operation).
Giving more practice time to children with ADHD may significantly increase their performance on tasks that require some type of working memory. Second, our findings indicate that boys with ADHD evince more frequent private speech than do boys without ADHD. Although the functional utility of such speech-to-self requires additional empirical examination, it is clear that teachers and practitioners should be aware of children's preponderance to talk to themselves to Memory for Object Locations 23 solve problems and regulate their own behavior. As such, teachers should keep this phenomenon in mind when asserting to certain students, "… you need to work quietly at your desk!"
In summary, the present findings reveal a robust performance deficit in visuospatial working memory among elementary-age boys with ADHD, as these boys engaged in twice the error making as their same-age non-ADHD counterparts. Nonetheless, this deficit attenuated once boys with ADHD reached mastery, and did not seem to intrude on their ultimate object location memory. Our findings also indicate that boys with ADHD evince more private speech than boys without ADHD. For non-ADHD boys, task-relevant private speech seemed to facilitate attention to task, thereby serving as a mnemonic strategy. For boys with ADHD, in contrast, task-irrelevant private speech seemed to compromise attention to task and memory performance.
Thus, the functional utility of private speech in a memory context may differ for children with and without ADHD. 
